The aim of the present study was to find out if it is possible to use the same functional tests for elderly subjects after lower limb amputation who live independently at their homes as for healthy ones. Will these tests discriminate among different problems in subjects with different levels and different causes of amputation and will they discriminate between active and sedentary subjects?
Introduction
One of the main diseases of the elderly is peripheral vascular disease with consequent amputations of lower limbs (Andrews, 1985) . Amputation is a permanent impairment which may lead to disabilities and handicaps.
The main disabilities of subjects after lower limb amputation concern their mobility, such as short walking distance, a need for additional walking aids, and problems with climbing stairs, walking on slopes and using public transportation (Jones et al. 1993; Walker et al, 1994; . In advanced ages these problems increase (Burger and MarinCek, 1997) . Problems are greater also for subjects after amputation due to peripheral vascular disease than in subjects after amputation due to trauma or tumours (Baker and Hewison, 1990; O'Toole et al, 1985; Pinzur et al, 1992) .
These mobility disabilities may also lead into different handicaps. A person after lower limb amputation must be able to perform 1100-1450 steps daily to live independently in a one-or two-level dwelling (Holden and Fernie, 1987) . This daily minimum does not include outdoor activities such as shopping. Even many young subjects completely change their free time activities after the amputation (Burger and MarinCek, 1997; Fairhurst, 1994) . Nissen and Newman (1992) reported that inability to participate in recreational activities is the most restrictive aspect of patients' reintegration into normal living profile.
Subjects after lower limb amputation can be assessed while they are on rehabilitation with tests for activities of daily living (ADL) such as Barthel index (O'Toole et al, 1985; Treweek and Condie, 1998) , global tests of disability such as Functional Independence Measure (FIM) (Muecke et al., 1992) and some try to develop other tests (Treweek and Condie, 1998) because the existing ones are not sensitive enough. Later in the rehabilitation process some try to quantify handicaps (Whiteneck et al., 1992) and reintegration into normal living (Nissen and Newman, 1992) but most authors divide subjects after lower limb amputation in different functional categories in accordance with mobility disabilities (Narang et al., 1984); Pohjolainen et al., 1990; Siriwardena et al., 1991; Sapp and Little, 1995) . Different authors use different criteria, so it is very difficult to compare results from different studies. These categories tell us a little about disabilities and nothing about the background. Do problems result from weak muscles, decreased muscle endurance, bad balance or are there other reasons? By means of different exercises and activities the muscles can be strengthened and their endurance increased (James 1973 ab ) and thus improve the functional abilities of elderly people after lower limb amputations. In order to advise people with impairments on an appropriate activity, its duration, intensity and frequency, the functional abilities (or disabilities) and interests of the subjects must be known. There are still no good tests for assessing functional status of the subjects after lower limb amputation who live independently in their home.
In recent years, many tests for healthy elderly people who live independently in their homes have been developed, such as Tsukuba Functional Age Inventory (Kim and Tanaka, 1994) , AAHPERD Functional Fitness Assessment for Adults Over 60 Years (Osness et al., 1996) and the Fullerton Functional Fitness Test . None have been tested on people with different impairments. In 1997 Chodzko-Zajko et al, (1997) started an international collaborative research project about assessing functional fitness in sedentary and physically active older persons. Four sites participated in the project, two in the United States, one in Japan and one in Europe. The project used the whole Fullerton Functional Fitness Test and one-leg balance from Tsukuba Functional Age Inventory (Kim and Tanaka, 1994) .
The aim of the present study was to determine if it is possible to use the same functional tests for elderly subjects after lower limb amputation who lived independently in their homes as for healthy ones.
Subjects and methods
Some 83 volunteers were tested who live independently at their homes. Of these 55 were healthy sedentary, 17 had a trans-tibial amputation and 11 had a trans-femoral amputation.
All subjects were aged 60 or older. The healthy subjects had a mean age of 70 years (±6.8). The subjects after trans-tibial amputation had a mean age of 67 years old on average (±5.3) and the subjects after trans-femoral amputation had a mean age of 69 years old on average (±7.2).
In the healthy group there were 35 women and 20 men, whereas all the subjects after lower limb amputation were men. Four (4) subjects after trans-tibial amputation and 4 after trans-femoral amputation were active. The active subjects had to be active at least three times per week for 40 minutes during the last half year. The activity was not specified, it only had to make them sweat and breathe deeply.
Nine (9) subjects with trans-tibial amputation lost their limb due to peripheral vascular disease, 7 due to trauma and 1 due to tumour. Three (3) subjects with trans-femoral amputation lost their limb due to peripheral vascular disease and 8 due to trauma.
Fullerton Functional Fitness Test and the oneleg balance test from Tsukuba Functional Age Inventory (Kim and Tanaka, 1994) were used. The Fullerton Functional Fitness Test battery includes Miotto et al, 1999) : l.Two tests selected for flexibility: a) sit and reach for assessing lower body, primarily hamstring, flexibility; b) scratch test for assessing upper body and shoulder flexibility. 2. Two tests selected for assessing muscle strength and endurance: a) chair stand for assessing lower body muscular strength and endurance; b) arm curl for assessing arm (biceps) muscular strength and endurance. 3. Aerobic endurance is assessed by a 9-minute walk. 4. General cardiovascular condition and lower body muscle endurance is assessed by a 2-minute step in place.
5. Physical agility is assessed by a 10-metres timed "up and go" test. For the chair stand and the timed "up and go" test, the subjects who were not able to stand up without using hands were allowed to use hands for help. For the 9-minute walk and the timed "up and go" test, the subjects were allowed to use additional support if needed.
Results were statistically analysed by SPSS (Statistical Package for Social Sciences), descriptive statistics, and the t-test was used.
Results
All subjects after lower limb amputation were found to have significantly worse results at almost all tests in comparison with the healthy sedentary men (Table 1 ). There were no differences in the flexibility tests in both groups after lower limb amputation, in the arm curl in the subjects after trans-tibial amputation and in the one-leg balance in the subjects after transfemoral amputation.
No subjects from the healthy group needed any additional support for walking. Three (3) (17.6%) subjects after trans-tibial and 2 (18.2%) after trans-femoral amputation needed a cane. Five (5) (29.4%) subjects after trans-tibial and 5 (45.5%) after trans-femoral amputation needed two crutches. All subjects after lower limb amputation who needed additional support for walking were sedentary.
All subjects after amputation had a prosthesis and performed the tests using it. Ten (10) (58.8%) subjects after trans-tibial amputation had PTB socket with soft liner, 3 (17.6%) hard PTB socket, 1 (5.9%) PTS socket with soft liner and 3 (17.6%) prosthesis with a thigh corset. All subjects after trans-femoral amputation except one who had an ischial containment flexible socket had hard quadrilateral sockets. Three (3) (30.0%) subjects after trans-femoral amputation had a locked prosthetic knee, 2 (20.0%) a safety knee and 5 (50.0%) single axis knee.
The subjects after trans-femoral amputation needed 24.4 seconds (SD 19.1) at the timed "up and go" test whereas the subjects after transtibial amputation needed 11.8 seconds (SD 6.0, p<.05). The subjects after trans-femoral amputation walked 287 metres (SD 150) in 9 minutes, the subjects after trans-tibial amputation walked 441 metres (SD 163) in 9 minutes (p<.05). The subjects after transfemoral amputation stood up from a chair 4 times, the subjects after trans-tibial amputation, 7.7 times (p<.05). The subjects after transfemoral amputation did 31 steps in two minutes, the subjects after trans-tibial amputation 48 (p<.05). 43.4 (9.7)"* *,+ p<.05 ** p<.01 *** p<.001 * -Comparison between healthy subjects and subjects after trans-tibial or after trans-femoral amputation and comparison between active -sedentary subjects after lower limb amputation and between subjects amputated due to trauma and due to peripheral vascular disease. + -Comparison between subjects after trans-tibial and after trans-femoral amputation.
The active subjects after lower limb amputation had a better balance. They stood 70 seconds on one leg whereas sedentary subjects stood only 25 seconds (p<.5). The active subjects after lower limb amputation needed 9.2 seconds at the timed "up and go" test, the sedentary ones 18.6 seconds. The active subjects after lower limb amputation walked 507 metres in 9 minutes, the sedentary subjects 347 metres (Table 1) . The active subjects also did 8 chair stands and the sedentary only 6 but the difference was not significant.
The subjects after amputation due to trauma had better balance compared to those with amputation due to peripheral vascular disease (PVD). They stood 50.5 seconds on one leg, the subjects amputated due to PVD 43.4 seconds (p<.001). The subjects after amputation due to trauma walked 455 metres in 9 minutes, the subjects after amputation due to PVD 295 metres (p<.01). The subjects after amputation due to trauma needed 13.9 seconds at the timed "up and go", the subjects after amputation due to PVD 18.7 seconds, but the difference was not significant.
Discussion
It was found that this test battery, with minimal adaptations such as helping with one or both hands while standing up and the use of additional support for walking, is also suitable for subjects after lower limb amputation who live independently in their homes. It can show different severity of problems in subjects with different levels and causes of amputation and also differences in the ability between active and sedentary subjects.
The Fullerton Functional Fitness Test is a reliable and valid test for functional fitness for healthy subjects living independently at their homes Miotto et al., 1999) . Rikli had also measured normative scores for community testing older adults (Rikli and Jones, 1999 b ). The authors believe that all parameters measured by the test battery are also important for people with different impairments. Since balance is also important, a test for measuring balance was added.
The results for the healthy sedentary subjects were slightly worse than Rikli's normative (Rikli and Jones, 1999 a ) for all tests except for the arm curl. The results of all subjects after lower limb amputation were even worse than the sedentary healthy men. Also the active subjects after lower limb amputation had worse scores than the healthy sedentary men. Consequently, the authors believe that subjects with impairments cannot be compared with healthy subjects, but should be compared among themselves.
It was surprising that there was no significant difference in the one-leg balance between the healthy sedentary subjects and the subjects after trans-femoral amputation. The subjects were allowed to choose on which leg they would stand. All subjects after amputation performed this test on the sound limb. It seems that in the subjects after trans-femoral amputation, where the impairment (loss of muscles and proprioception) is greater, it is very important to have a good balance on the sound limb. In the future it will be interesting to perform the test on both, the sound limb and the prosthesis.
It was found that the subjects after transfemoral amputation scored worse than subjects after trans-tibial amputation in four performed tests. This is in agreement with other researchers who demonstrate the influence of amputation level on subjects abilities (Steinberg etal., 1985; Helm et al, 1986; Holden and Fernie, 1987; Jones et al, 1993; Grieve and Lankhorst, 1996; . The subjects after transfemoral amputation lost two main joints of their lower limbs and many hip muscles are cut and atrophied (Jaegers, 1993; Jaegers et al., 1994) . With these remaining muscles they have to control a trans-femoral prosthesis.
The subjects after amputation due to peripheral vascular disease were found to have more problems with balance and walked shorter distance in 9 minutes which is in accordance with others (Baker and Hewison, 1990; O'Toole et al, 1995; Pinzur et al., 1992) . Balance problems in the group after amputation due to peripheral vascular disease may be the result of diabetic neuropathy and rethinopathy due to disease.
The test battery can also show differences in the ability between active and sedentary subjects with lower limb amputation. The active subjects after lower limb amputation had better balance. Balance is important in many daily activities and poor balance is one of the major factors in falls of elderly subjects. Good balance is even more important for subjects after lower limb amputation who do not have proprioceptive information from the lost part of the limb (Isakov et al., 1992) and have to keep balance on the prosthesis in walking and standing.
There was no significant difference in tests testing the muscle strength of lower limbs. The authors believe the reason was that the active and the sedentary group consisted of both the subjects after trans-tibial and trans-femoral amputation. The level of amputation had the significant influence on these tests (Table 1) .
The active subjects after lower limb amputation had better cardiovascular endurance and walked longer distance in 9 minutes. Although the active group consisted of the subjects after trans-tibial and after trans-femoral amputation, the active still walked longer in 9 minutes. On the other hand, the distance covered by the subjects after trans-femoral amputation, was much shorter than the distance covered by the subjects after trans-tibial amputation. Walking distance and walking speed are important in everyday activities (Holden and Fernie, 1987) .
There was no difference between the active and sedentary groups in the number of arm curls they performed or in their biceps strength. The reason may be that most sedentary subjects after lower limb amputation need additional walking support while none of the active do. Walking with crutches does not require as much biceps strength as strength of upper limb extensors, although it may be that due to additional support upper limb muscles were stronger or at least not weaker.
The active subjects after lower limb amputation were also quicker at the timed "up and go" test which means that they are more agile, react quicker and have better dynamic balance Miotto et al., 1999) . All three aspects are important for independent living.
It can be concluded that this test battery can also be used to test subjects after lower limb amputation who live independently in their homes. The test battery demonstrated the influence of level of amputation and the activity level on the results whereas the cause of amputation influenced only the results of two tests. However, there is still a lot of work to be done since normative scores for healthy subjects cannot be used for subjects with impairments such as subjects after lower limb amputation. Even without the normative scores the results can be used to plan an individual activity programme to improve the subjects' functional status and to add some exercises and sports activities into their free time.
